The two-step model for translesion synthesis: then and now.
The formation of base substitution mutations following exposure of bacteria to ultraviolet light and many other mutagens occurs during translesion synthesis opposite a photoproduct or other lesion in the template strand of DNA. This process requires the UmuD(2)' UmuC complex, only formed to a significant extent in SOS-induced cells. The "two-step" model proposed that there were two steps, insertion of a wrong base (misincorporation) and use of the misincorporated base as a primer for further chain extension (bypass). The original evidence suggested that UmuD(2)' UmuC was needed only for the second step and that in its absence other polymerases such as DNA polymerase III could make misincorporations. Now we know that the UmuD(2)' UmuC complex is DNA polymerase V and that it can carry out both steps in vitro and probably does both in vivo in wild-type cells. Even so, DNA polymerase III clearly has an important accessory role in vitro and a possibly essential role in vivo, the precise nature of which is not clear. DNA polymerases II and IV are also up-regulated in SOS-induced cells and their involvement in the broader picture of translesion synthesis is only now beginning to emerge. It is suggested that we need to think of the chromosomal replication factory as a structure through which the DNA passes and within which as many as five DNA polymerases may need to act. Protein-protein interactions may result in a cassette system in which the most appropriate polymerase can be engaged with the DNA at any given time. The original two-step model was very specific, and thus an oversimplification. As a general concept, however, it reflects reality and has been demonstrated in experiments with eukaryotic DNA polymerases in vitro.